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E� 0HDVXUH DEXQGDQFH�GHQVLW\ �
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D� 7UDSV �
E� 0DUNLQJ WHFKQLTXH �
F� &DPS VXSSOLHV �
G� 5HIXUELVKLQJ HTXLSPHQW DW FRQFOXVLRQ RI ILHOG VHDVRQ �
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D� 6SHFLHV LGHQWLILFDWLRQ �
E� 'DWD HQWU\ �
F� 7UDS PDLQWHQDQFH �
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D� 3ORW FRQILJXUDWLRQ �
E� 6DPSOLQJ VHVVLRQ GXUDWLRQ ��
F� 6DPSOLQJ LQWHQVLW\ GXULQJ WKH ILHOG VHDVRQ ��
G� 7UDS PRUWDOLWLHV ��
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�� ,QWHJUDWLRQ ZLWK RYHUDOO PRQLWRULQJ IUDPHZRUN � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � ��
D� 8VH RI GDWD IURP RWKHU PRQLWRULQJ FRPSRQHQWV ��
E� 'HWHFWLRQ RI VLJQLILFDQW FKDQJHV LQ VPDOO PDPPDO SRSXODWLRQV ��
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'HQDOL 6PDOO PDPPDO PRQLWRULQJ SURWRFRO'HQDOL 6PDOO PDPPDO PRQLWRULQJ SURWRFRO
���� 2EMHFWLYHV2EMHFWLYHV

D� 6SHFLHV RI LQWHUHVW

7KH VPDOO PDPPDO LQYHVWLJDWLRQV EHJXQ LQ WKH 5RFN &U� ZDWHUVKHG RI 'HQDOL 1DWLRQDO 3DUN DQG

3UHVHUYH LQ ���� IRFXVHG SULPDULO\ RQ WKUHH VSHFLHV� WKH QRUWKHUQ UHG�EDFNHG YROH

�&OHWKULRQRP\V UXWLOXV�� WKH WXQGUD YROH �0LFURWXV RHFRQRPXV�� DQG WKH VLQJLQJ YROH �0LFURWXV

PLXUXV�� &DSWXUHV ZHUH DOVR UHFRUGHG RI QRUWKHUQ ERJ OHPPLQJV �6\QDSWRP\V ERUHDOLV� DQG

VKUHZV �6RUH[ VSS��� EXW GHPRJUDSKLF LQIRUPDWLRQ ZDV QRW FROOHFWHG RQ WKHVH VSHFLHV�

E� 0HDVXUH DEXQGDQFH�GHQVLW\

7ZR FRPSHWLQJ WUDSSLQJ PHWKRGV ZHUH HPSOR\HG IRU WKH DVVHVVPHQW RI SRSXODWLRQ FKDQJHV RYHU

WLPH� 7UDSSLQJ JULGV� GHVFULEHG E\ 2WLV HW DO� ������� DUH XVHG SULPDULO\ IRU WKH HVWLPDWLRQ RI

SRSXODWLRQ DEXQGDQFH� EXW DUH DGDSWDEOH IRU WKH HVWLPDWLRQ RI GHQVLW\� :LWK WUDSV LQ D JULG

FRQILJXUDWLRQ� WUDSV DUH SODFHG XQLIRUP GLVWDQFHV DSDUW LQ OLQHV VHSDUDWHG E\ WKH VDPH GLVWDQFH DV

WUDSV ZLWKLQ D OLQH� IRUPLQJ D UHFWDQJXODU WUDS SDWWHUQ�

7UDSSLQJ ZHEV� GHVFULEHG E\ :LOVRQ DQG $QGHUVRQ ������� HPSOR\ GLVWDQFH VDPSOLQJ WKHRU\� DQG

DUH SULPDULO\ XVHG IRU WKH GLUHFW HVWLPDWLRQ RI GHQVLW\� EXW PD\ DOVR EH XVHG IRU WKH HVWLPDWLRQ RI

DEXQGDQFH� 7KH WUDS FRQILJXUDWLRQ XVHV WUDSV SODFHG LQ FRQFHQWULF ULQJV� D IL[HG GLVWDQFH DSDUW�

(DFK ULQJ FRQWDLQV D IL[HG QXPEHU RI WUDSV� DQG DV D FRQVHTXHQFH� WKH GLVWDQFH EHWZHHQ WUDSV

ZLWKLQ D ULQJ LQFUHDVHV DV GLVWDQFH IURP WKH FHQWHU RI WKH ZHE LQFUHDVHV�

F� $VVHVV GHPRJUDSKLF SURFHVVHV

5HSHDWHG VDPSOLQJ RI WKH VWXG\ SORWV GXULQJ WKH VQRZIUHH SHULRG DOORZHG DVVHVVPHQW QRW RQO\ RI

SRSXODWLRQ DEXQGDQFH DQG GHQVLW\� EXW DOVR D GHWHUPLQDWLRQ RI GHPRJUDSKLF SURFHVVHV DFWLQJ RQ

WKH SRSXODWLRQV EHWZHHQ VDPSOLQJ RFFDVLRQV� $GGLWLRQV WR WKH SRSXODWLRQV� HLWKHU WKURXJK
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UHSURGXFWLRQ RU LPPLJUDWLRQ FRXOG EH HVWLPDWHG EHWZHHQ VDPSOLQJ RFFDVLRQV� 6LPLODUO\ DSSDUHQW

VXUYLYDO UDWH �ZKLFK LQFOXGHV HPLJUDWLRQ WKDW FDQQRW EH VHSDUDWHO\ HVWLPDWHG IURP PRUWDOLW\� FDQ

DOVR EH GHWHUPLQHG� 7KHVH PHDVXUHV SURYLGH DGGLWLRQDO LQVLJKW LQWR WKH SURFHVVHV WKDW JLYH ULVH WR

WKH VWDWH RI WKH SRSXODWLRQ DW WKH WLPH RI WKH VDPSOLQJ RFFDVLRQ�

���� 6DPSOLQJ DSSURDFK6DPSOLQJ DSSURDFK

$QLPDOV ZHUH FDSWXUHG XVLQJ OLYHWUDSSLQJ WHFKQLTXHV EHFDXVH RI WKH QHHG WR PDLQWDLQ VDPSOLQJ IRU

DQ LQGHILQLWH OHQJWK RI WLPH DV SDUW RI D PRQLWRULQJ SURJUDP� 5HPRYDO VDPSOLQJ� ZKHUH DQLPDOV DUH

UHPRYHG E\ VQDS WUDSV RU SLWIDOO WUDSV� KDV D GHPRQVWUDEOH HIIHFW XSRQ WKH SRSXODWLRQ EHLQJ

PRQLWRUHG� 7KLV LV D ELRORJLFDO H[DPSOH RI WKH +HLVHQEHUJ 8QFHUWDLQW\ 3ULQFLSOH� LQ ZKLFK WKH

SKHQRPHQRQ EHLQJ REVHUYHG LV DOWHUHG WKURXJK WKH SURFHVV RI REVHUYDWLRQ�

6DPSOLQJ SORWV ZHUH SODFHG LQ WKH ZDWHUVKHG ZLWK D VFKHPH LQWHQGHG WR SURGXFH DEXQGDQFH

HVWLPDWHV UHSUHVHQWDWLYH RI WKH HQWLUH ZDWHUVKHG� 3ORWV ZHUH SODFHG LQ WKH ULSDULDQ ]RQH RI WKH

ZDWHUVKHG� ZKHUH WKH ZLGWK RI WKH ULSDULDQ ]RQH ZDV VXIILFLHQW WR DFFRPPRGDWH D VDPSOH SORW�

6DPSOH SORWV ZHUH DOVR SODFHG LQ WKH RSHQ FDQRS\�VKUXE KDELWDWV RQ WKH EHQFKHV RI WKH ZDWHUVKHG

ZKHUH WKH WRSRJUDSK\ ZDV QRW WRR H[WUHPH IRU KXPDQ ORFRPRWLRQ�

:LWKLQ WKHVH KDELWDW W\SHV� UHSOLFDWH SORWV ZHUH SODFHG WR HQVXUH WKDW DEXQGDQFH PHDVXUHG LQ D

SORW ZDV QRW DQ DUWHIDFW RI WKH SORW ORFDWLRQ� EXW UDWKHU LQGLFDWLYH RI WKH KDELWDW� 7KH ULSDULDQ

]RQH ZDV OLPLWLQJ LQ VL]H VXFK WKDW RQO\ WZR UHSOLFDWHV ZHUH SODFHG LQ WKH KDELWDW� 7KH RSHQ

FDQRS\�VKUXE KDELWDW ZDV LQ JUHDWHU DEXQGDQFH� VR HIIRUWV ZHUH PDGH WR SODFH SORWV RQ ERWK HDVW�

IDFLQJ DQG ZHVW�IDFLQJ VORSHV�

&RPSDULVRQV ZHUH PDGH RI DEXQGDQFH DPRQJ SORWV ZLWKLQ KDELWDW W\SHV� DQG DPRQJ SORWV

EHWZHHQ KDELWDW W\SHV� 7KH ILUVW FRPSDULVRQV PHDVXUHG ZKHWKHU SORWV ZHUH LQGHHG UHSOLFDWHV RI
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WKH KDELWDW W\SHV� DQG WKH VHFRQG FRPSDULVRQ H[DPLQHG KDELWDW�VSHFLILF GHPRJUDSK\� L�H�� ZKHWKHU

WKH VRXUFH�VLQN WKHRU\ RI 3XOOLDP ������ ZDV RSHUDWLYH LQ WKH 5RFN &U� ZDWHUVKHG�

���� 3HUVRQQHO UHTXLUHPHQWV3HUVRQQHO UHTXLUHPHQWV

D� 6WDIILQJ

&KHFNLQJ RI WUDSV UHTXLUHV D PLQLPXP RI � SHRSOH IRU HDFK WUDS FKHFNHG� 7KLV LV SDUWLFXODUO\

DFXWH ZKHQ DQLPDOV QHHG WR EH LQMHFWHG ZLWK 3,7 WDJV� 2QH SHUVRQ LV UHVSRQVLEOH IRU UHVWUDLQLQJ

WKH DQLPDO� ZKLOH WKH RWKHU DGPLQLVWHUV WKH WDJ� 7KH FRQILJXUDWLRQ RI VWXG\ SORWV LQ WKH 5RFN &U�

ZDWHUVKHG DOORZHG WKH ILHOG FUHZ WR VSOLW LQWR � WHDPV� 2QH PHPEHU RI WKH WHDP ZDV DQ

H[SHULHQFHG UHVHDUFKHU� YHUVHG LQ WKH LQMHFWLRQ RI WDJV DQG WKH LGHQWLILFDWLRQ RI VSHFLHV DQG VH[XDO

FKDUDFWHULVWLFV� )RU WKH ��� WUDSV XVHG LQ 5RFN &U� WKLV HTXDWHG WR D PLQLPXP VWDIILQJ RI �

LQGLYLGXDOV LQ FDPS DW DOO WLPHV� 3DLULQJ RI UHVHDUFKHUV ZDV DOVR D VDIHW\ FRQVLGHUDWLRQ� DV VKRXOG

DQ\RQH EH LQMXUHG GXULQJ WKH WUDS FKHFNV� WKHUH ZDV D PHPEHU RI WKH FUHZ DYDLODEOH WR JLYH DLGH�

E� 6SHFLHV LGHQWLILFDWLRQ

$OO PHPEHUV RI WKH ILHOG FUHZ UHTXLUH D PLQLPXP RI WUDLQLQJ LQ LGHQWLILFDWLRQ RI VSHFLHV OLNHO\

HQFRXQWHUHG LQ WKH ILHOG� %DVLF WUDLQLQJ FDQ EH DFKLHYHG WKURXJK H[DPLQDWLRQ RI PXVHXP

VSHFLPHQV� ZLWK VXEVWDQWLDO DGGLWLRQDO H[SHULHQFH GHULYHG LQ WKH ILHOG XQGHU WKH VXSHUYLVLRQ RI

WUDLQHG VWDII PHPEHUV�

'HILQLQJ FKDUDFWHULVWLFV RI &OHWKULRQRP\V LV VKDUSQHVV RI WKH VQRXW DQG H[SRVXUH RI HDUV�

'LIIHUHQWLDWLQJ FKDUDFWHULVWLFV EHWZHHQ 0� RHFRQRPXV DQG 0� PLXUXV� 0� PLXUXV LV OLJKWHU LQ

FRORUDWLRQ �ZLWK JROGHQ VLGHV� DQG D VKRUWHU� PRUH EOXQW WDLO� 0� RHFRQRPXV KDV D ORQJ� WDSHUHG

WDLO GDUN RQ WRS DQG OLJKW RQ ERWWRP� /HPPLQJV KDYH WDLOV QR ORQJHU WKDQ WKH KLQG IRRW DQG KDYH

JURRYHG LQFLVRUV� 'LIIHUHQWLDWLRQ EHWZHHQ VKUHZV� 6� FLQHULXV DQG 6� PRQWLFROXV LV DFKLHYHG RQO\

E\ H[DPLQDWLRQ RI GHQWLWLRQ ZLWK D KDQGOHQV�
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F� 6WDPLQD

$V ZLWK DQ\ ILHOG ZRUN� VPDOO PDPPDO WUDSSLQJ UHTXLUHV D VXEVWDQWLDO DPRXQW RI SK\VLFDO H[HUWLRQ�

'HSOR\LQJ ��� WUDSV UHTXLUHV WUDQVSRUWLQJ DSSUR[LPDWHO\ ���NJ RI WUDSV LQWR WKH ILHOG� 7KLV LV LQ

DGGLWLRQ WR WHQWV� WDUSV� VOHHSLQJ EDJV� FRRNLQJ JHDU� IRRG� SHUVRQDO JHDU� DQG SURFHVVLQJ

HTXLSPHQW� +RXUV DUH ORQJ ����������� DQG ZHDWKHU FRQGLWLRQV DUH RIWHQ XQFRPIRUWDEOH�

:LWK WKH VDPSOLQJ UHJLPHQ ZH HPSOR\� DQG WKH FRQILJXUDWLRQ RI VDPSOLQJ SORWV� DSSUR[LPDWHO\

���NP DUH FRYHUHG GXULQJ HDFK WUDS FKHFN� 7KHVH FKHFNV DUH PDGH � WLPHV GD\��� UHVXOWLQJ LQ

����NP WUDYHOHG SHU GD\ IRU � GD\V� 6SOLWWLQJ WKLV LQ KDOI EHFDXVH WKH FUHZ VSOLWV WUDS

UHVSRQVLELOLWLHV IRU HDFK FKHFN� HDFK PHPEHU RI WKH FUHZ WUDYHOV RYHU ��NP GD\��� ,Q DGGLWLRQ WR

WKLV� PXOWLSOH WULSV LQWR DQG RXW RI ILHOG FDPS DUH UHTXLUHG WR HVWDEOLVK� EUHDN GRZQ� DQG SURYLVLRQ

FDPS� ,Q (QJOLVK XQLWV� D FUHZ PHPEHU VKRXOG EH H[SHFWHG WR WUDYHO URXJKO\ �� PLOHV LQ GLIILFXOW

WHUUDLQ GXULQJ WKH FRXUVH RI D ��GD\ VDPSOLQJ ERXW� $V D UHVXOW� FUHZ PHPEHUV QHHG WR EH LQ

UHDVRQDEO\ JRRG SK\VLFDO FRQGLWLRQ�

���� (TXLSPHQW(TXLSPHQW

D� 7UDSV

7UDSV XVHG LQ WKH FDSWXUH RI DQLPDOV IRU VPDOO PDPPDO PRQLWRULQJ DUH PDQXIDFWXUHG E\ WKH +� %�

6KHUPDQ &RPSDQ\� 7KH VL]H XVHG LV ���FP [ ���FP [ ����FP� 7KLV LV VXIILFLHQW WR FDWFK WKH

ODUJHVW OHPPLQJ� ZKLOH DOVR KDYLQJ VXIILFLHQW VHQVLWLYLW\ WR FDSWXUH VKUHZV� 3ULFHV RI WUDSV YDU\

FRQVLGHUDEO\� EXW FDQ EH DFTXLUHG IRU ������� HDFK SOXV VKLSSLQJ�

7R PLQLPL]H WKHUPDO VWUHVV ZKLOH DQLPDOV DUH LQ WUDSV� EHGGLQJ PDWHULDO LV SODFHG LQVLGH WUDSV� 7KLV

LV FRPSUHVVHG FRWWRQ� IRUPHG LQWR �FP [ �FP [ �FP VTXDUHV WKDW FDQ EH VKUHGGHG E\ DQLPDOV

LQWR QHVWV XSRQ FDSWXUH� 7KHVH FDQ EH DFTXLUHG IURP DQLPDO VXSSO\ RXWOHWV�

)RU VLPSOLILHG KDQGOLQJ RI DQLPDOV GXULQJ SURFHVVLQJ� � JDOORQ =LSORF SODVWLF EDJV ZRUN TXLWH ZHOO�
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Figure 2 . Weighing
captured animals.

Figure 3 . PIT tag injection.

(DFK FUHZ PHPEHU FDUULHV DW OHDVW � EDJV GXULQJ FKHFNLQJ� RQH EDJ IRU KROGLQJ DQLPDOV� DQG WKH

RWKHU IRU WUDQVIHUULQJ WUDVK �VRLOHG EHGGLQJ PDWHULDO DQG IHFHV� IURP WKH

WUDS� %DJV FDQ EH UHXVHG IRU VHYHUDO FKHFNV� EXW DUH FKDQJHG GDLO\

EHFDXVH RI VRLOLQJ� ,Q D W\SLFDO ZHHN� URXJKO\ ��� EDJV DUH XVHG�

:HLJKLQJ RI FDSWXUHG DQLPDOV LV GRQH ZLWK ���J [ �J 3HVROD VFDOHV�

7KHVH DUH FOLSSHG RQWR WKH =LSORF EDJV ZKLOH WKH DQLPDO LV LQVLGH� DQG WKH

EDJ LV UH�ZHLJKHG DIWHU WKH DQLPDO LV UHOHDVHG �)LJXUH ��� 7KH SULFH LV

URXJKO\ ��� DQG HDFK FUHZ PHPEHU LV SURYLGHG ZLWK D VFDOH�

E� 0DUNLQJ WHFKQLTXH

7KH XVH RI SDVVLYH LQWHJUDWHG WUDQVSRQGHUV KDV JUHDWO\ VLPSOLILHG WKH PDUNLQJ SURFHVV IRU VPDOO

PDPPDOV� 7KH FKLS� HQFDVHG LQ JODVV� ZHLJKV �J� DQG KDV H[WHUQDO GLPHQVLRQV RI ��PP [ ���PP

DQG KDV EHHQ VXFFHVVIXOO\ LPSODQWHG� ZLWK WKH XVH RI D ���JDXJH QHHGOH� LQWR DQLPDOV DV VPDOO DV �J�

7KHVH WDJV DUH DYDLODEOH IURP %LR0DUN� %RLVH ,' IRU URXJKO\ ���WDJ�

,QMHFWLRQ RI WDJV FRQVLVWV RI VXEPHUJLQJ WKH QHHGOH LQ LRGLQH� LQVHUWLQJ D WDJ LQWR WKH QHHGOH� SODFLQJ

D GDE RI %HWDGLQH RQWR WKH HQG RI WKH QHHGOH� VFDQQLQJ WKH WDJ ZLWK D WDJ UHDGHU WR PDNH VXUH LW

IXQFWLRQV SURSHUO\� DQG LQMHFWLQJ WKH WDJ LQWR WKH DQLPDO XQGHU WKH VNLQ RQ WKH GRUVDO VLGH QHDU WKH

VKRXOGHU EODGHV� 7KH %HWDGLQH LV LQVHUWHG

LQWR WKH SXQFWXUH DORQJ ZLWK WKH WDJ�

VHUYLQJ WR PLQLPL]H WKH SRVVLELOLW\ RI

LQIHFWLRQ� :LWK ILQJHUV� WKH UHVHDUFKHU

PRYHV WKH LQMHFWHG WDJ DZD\ IURP WKH

SXQFWXUH WR HQVXUH LW GRHV QRW ZRUN LWV

ZD\ EDFN RXW RI WKH DQLPDO� %HIRUH WKH

DQLPDO LV UHOHDVHG� WKH WDJ LV VFDQQHG
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Figure 4 . Scanning for PIT tag
after injection.

DJDLQ� DQG WDFWLOH UHLQIRUFHPHQW PDNHV VXUH WKH WDJ LV SURSHUO\ VHDWHG LQ WKH DQLPDO �)LJXUH ���

3,7 WDJV RIIHU WKH DGYDQWDJH RYHU HDU WDJV DQG WRH FOLSSLQJ RI EHLQJ GLIILFXOW WR ORVH� DQG HDV\ WR

UHFRUG� 9ROHV JURRP WKHPVHOYHV YLJRURXVO\� DQG FRQVHTXHQWO\ DUH VXVFHSWLEOH WR ORVLQJ HDU WDJV�

3ODFLQJ 3,7 WDJV QHDU WKH VKRXOGHU EODGHV PDNHV JURRPLQJ RI WKDW ORFDWLRQ GLIILFXOW�

6LPLODUO\ GHWHFWLQJ D PDUNHG DQLPDO LV JUHDWO\ VLPSOLILHG WKURXJK WKH XVH RI 3,7 WDJ UHDGHUV� $V ���

VHFRQG VFDQ ZKLOH DQ DQLPDO LV LQ D SODVWLF EDJ ZLOO GHWHUPLQH LI LW KDV EHHQ SUHYLRXVO\ PDUNHG

�)LJXUH ��� )XUWKHUPRUH� WKH DQLPDO ,' FRGH LV SHUPDQHQWO\ VWRUHG LQ VFDQQHU PHPRU\ DW WKDW

WLPH� ,Q FRQWUDVW� WR GHWHUPLQH WKH LGHQWLW\ RI DQ

LQGLYLGXDO PDUNHG ZLWK WRH�FOLSSLQJ� WKH DQLPDO PXVW EH

UHPRYHG IURP WKH SODVWLF EDJ� KHOG ZKLOH H[DPLQLQJ HDFK

IRRW� ZKLOH DWWHPSWLQJ WR GHWHUPLQH LI D WRH KDV EHHQ

FOLSSHG RU LV PHUHO\ VKRUW� ILQDOO\� WKLV SDWWHUQ PXVW EH

WUDQVODWHG LQWR D QXPHULF FRGH IURP WKH PDVWHU UHFRUGV

DW FDPS�

3URFHVVLQJ WLPH RI DQ DQLPDO PDUNHG ZLWK D 3,7 WDJ LV DSSUR[LPDWHO\ �� VHFRQGV IURP WKH WLPH LW LV

UHPRYHG IURP WKH WUDS� ZHLJKHG� VFDQQHG� DQG UHOHDVHG� 7KH DQLPDO LV QHYHU KDQGOHG E\ WKH FUHZ

PHPEHU XQOHVV VH[XDO FKDUDFWHULVWLFV QHHG WR EH GHWHUPLQHG� ,Q DQRWKHU PLQXWH WKH WUDS LV UHVHW�

DQG WKH FUHZ PHPEHU LV HQ URXWH WR WKH QH[W WUDS� &RQYHUVHO\� FKHFNLQJ WKH DQLPDO IRU PLVVLQJ

DSSHQGDJHV UHTXLUHV UHPRYLQJ WKH DQLPDO IURP WKH EDJ DQG H[DPLQLQJ HDFK IRRW� D SURFHVV WKDW

UHTXLUHV QR OHVV WKDQ � PLQXWHV� $OWKRXJK WKH GLIIHUHQFH LQ WLPH VHHPV VPDOO� ZKHQ WKLV SURFHVV LV

UHSHDWHG ���� WLPHV GXULQJ WKH FRXUVH RI D WUDSSLQJ ERXW� WKH WLPH VDYLQJV DUH VXEVWDQWLDO�

F� &DPS VXSSOLHV
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CommentsWtSexSpecN/RTag#YXPlotHrDate
SOSPB8FWE608/05/96

13MCLRUN4103742517B11FWE608/05/96

Figure 5 . First 2 lines of a spreadsheet file showing data as entered in the
field.

(VWDEOLVKPHQW RI D ILHOG FDPS IRU VPDOO PDPPDO PRQLWRULQJ LV QR GLIIHUHQW WKDQ DQ\ RWKHU

EDFNFRXQWU\ FDPS� $GHTXDWH FRQVLGHUDWLRQ PXVW EH JLYHQ WR HVWDEOLVKPHQW RI FRRNLQJ VLWHV� IRRG

VWRUDJH� DQG ODWULQH VLWHV� $Q DGGHG FRQVLGHUDWLRQ IRU VPDOO PDPPDO ZRUN LV WKH VWRUDJH RI

VXQIORZHU VHHG EDLW DQG WUDS PRUWDOLWLHV LQ EHDU�SURRI VWRUDJH ZKLOH LQ FDPS�

G� 5HIXUELVKLQJ HTXLSPHQW DW FRQFOXVLRQ RI ILHOG VHDVRQ

$OO ILHOG VXSSOLHV PXVW EH DGHTXDWHO\ PDLQWDLQHG GXULQJ WKH ILHOG VHDVRQ� DQG SDUWLFXODU FDUH WDNHQ

DW WKH FRQFOXVLRQ RI WKH ILHOG VHDVRQ� 7KLV LQFOXGHV FKHFNLQJ FRPSXWHUV DQG 3HVRODV IRU SURSHU

IXQFWLRQLQJ� UHSODFLQJ ORVW SDUWV LI QHFHVVDU\� 7KH WDJ VFDQQHUV VXIIHU KHDY\ XVH GXULQJ WKH ILHOG

VHDVRQ� DQG WKRVH VFDQQHUV WKDW KDYH UHFKDUJHDEOH EDWWHULHV VKRXOG KDYH WKH EDWWHULHV UHSODFHG DW

OHDVW HYHU\ RWKHU ILHOG VHDVRQ� 7KLV FDQ EH GRQH E\ WKH PDQXIDFWXUHU� 'HVWURQ�)HDULQJ RI 6W� 3DXO

01� 3ULFH RI UHIXUELVKPHQW LV URXJKO\ ����� 7KH HFRQRPLFV RI UHIXUELVKPHQW EHFRPH FORXGHG

E\ WKH IDFW WKDW QHZ VFDQQHUV ZLWK UHSODFHDEOH EDWWHULHV FDQ EH SXUFKDVHG IRU �����

���� 7UDLQLQJ7UDLQLQJ

D� 6SHFLHV LGHQWLILFDWLRQ

7UDLQLQJ RI WKH ILHOG FUHZ LQ VSHFLHV LGHQWLILFDWLRQ VKRXOG LQFOXGH RQH DIWHUQRRQ VSHQW H[DPLQLQJ

PXVHXP VSHFLPHQV WR JDLQ JHQHUDO IDPLOLDULW\ ZLWK JURVV PRUSKRORJ\� DQG WKH OLRQªV VKDUH RI WKH

H[SHULHQFH LGHQWLI\LQJ VSHFLHV ZLOO FRPH IURP KDQGV�RQ ZRUN LQ WKH ILHOG� XQGHU WKH JXLGDQFH RI

WUDLQHG SHUVRQQHO�

E� 'DWD HQWU\

$OO SHUVRQQHO VKRXOG EH DFTXDLQWHG ZLWK WKH VXPPDU\ IRUP RI GDWD UHFRUGHG DW HDFK FDSWXUH�
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7KLV ZLOO H[SHGLWH FRPPXQLFDWLQJ WKDW LQIRUPDWLRQ� LQ LWV SURSHU RUGHU ZKLOH RQ WKH VWXG\ SORWV� $

VLPSOH VSUHDGVKHHW LV XVHG WR UHFRUG GDWD LQ WKH ILHOG� DQG DOO SHUVRQQHO VKRXOG EH DFTXDLQWHG ZLWK

XVH RI WKH VSUHDGVKHHW WR DGG YHUVDWLOLW\ WR WKH FUHZ FRPSRVLWLRQ�

F� 7UDS PDLQWHQDQFH

,W LV IXQGDPHQWDO WKDW WUDSV EH LQ SURSHU ZRUNLQJ RUGHU ZKHQ RQ WKH VWXG\ SORWV� 7UDSV FDQ IDLO WR

ZRUN IRU D YDULHW\ RI UHDVRQV� EUXVK LQ WUDS� VRLOHG WUDS� PHFKDQLFDOO\ GHIRUPHG LQ WUDQVLW� ,W LV

LPSRUWDQW WKDW WUDSV EH H[DPLQHG GXULQJ WKHLU XVH WR HQVXUH WKHVH IHDWXUHV DUH QRW SUHVHQW LQ WKH

WUDSV� 3HULRGLFDOO\ GXULQJ FKHFNLQJ WKH WUDSV� XQRFFXSLHG WUDSV VKRXOG EH VSUXQJ� WR PDNH VXUH

WKH\ IXQFWLRQ� 2YHU WKH FRXUVH RI WKH ILHOG VHDVRQ� WUDSV VKRXOG EH GLVPDQWOHG DQG VFUXEEHG WR

UHPRYH VRLO DQG IHFHV IURP WKHP� $W WKH FRQFOXVLRQ RI WKH ILHOG VHDVRQ� WUDSV VKRXOG DOVR EH

GLVPDQWOHG� FOHDQHG DQG GLVLQIHFWHG LQ SUHSDUDWLRQ IRU WKH IROORZLQJ ILHOG VHDVRQ�

���� )LHOG SURFHGXUHV)LHOG SURFHGXUHV

D� 3ORW FRQILJXUDWLRQ

3URWRFRO GHYHORSPHQW KDV H[SHULPHQWHG ZLWK ERWK WUDSSLQJ JULGV �UHFWDQJXODU� DQG WUDSSLQJ ZHEV

�FLUFXODU�� %DVHG XSRQ � ILHOG VHDVRQV HPSOR\LQJ ERWK PHWKRGV� , UHFRPPHQG GLVFRQWLQXDWLRQ RI

WUDSSLQJ ZHEV� DQG FRQWLQXHG UHOLDQFH XSRQ WUDSSLQJ JULGV�

7KLV GHFLVLRQ LV EDVHG XSRQ WKH FRQWLQXHG YLRODWLRQ RI WKH DVVXPSWLRQ RI KLJK GHWHFWLRQ SUREDELOLW\

DW WKH FHQWHU RI D WUDSSLQJ ZHE� &RQWLQXDO XVH RI WUDSSLQJ ZHEV IRU PRQLWRULQJ LQYDULDEO\ OHDGV WR

ODUJH DPRXQWV RI IRRW WUDIILF RQ WKH ZHEV� *LYHQ WKH SHUSHWXDO GDPS FRQGLWLRQV RI WKH SORWV

GXULQJ WKH ILHOG VHDVRQ� WKH YHJHWDWLRQ EHFRPHV GHJUDGHG� $V D UHVXOW� SUREDELOLW\ RI FDSWXUH DW

WKH FHQWHU RI ZHEV GLPLQLVKHV DV HVFDSH FRYHU EHFRPHV VFDUFH� 7KH GLPLQXWLRQ RI FDSWXUH

SUREDELOLW\ VWLSXODWHG E\ GLVWDQFH VDPSOLQJ PHWKRGV IDLOV WR WDNH SODFH� FRQYHUVHO\� PRUH GHWHFWLRQV

WDNH SODFH DW WKH HGJHV RI WKH ZHEV WKDQ DW WKH FHQWHU� )LWWLQJ D PRQRWRQLFDOO\ GHFUHDVLQJ IXQFWLRQ

WR GDWD RI WKLV VRUW� OHDGV WR PRGHOV WKDW SUHGLFW FDSWXUH SUREDELOLW\ LV FRQVWDQW DFURVV WKH ZHE�
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Figure 6 . Small mammal sample plot configuration
in Rock Cr. watershed.

ZKLFK LV SDWHQWO\ IDOVH�

8VLQJ UHFWDQJXODU JULGV� RWKHU LVVXHV UHJDUGLQJ WUDS SODFHPHQW LQYROYHV WKH VSDFLQJ RI WKH WUDSV�

7UDSV VKRXOG EH SODFHG QR PRUH WKDQ ��P DSDUW WR SUHYHQW DQLPDOV IURP UHVLGLQJ RQ WKH SORWV� EXW

QRW HQFRXQWHULQJ WUDSV� 7KLV LV SDUWLFXODUO\ DFXWH IRU IHPDOH YROHV� ZKRVH PRYHPHQWV DUH ODUJHO\

UHVWULFWHG GXULQJ WKH ILHOG VHDVRQ EHFDXVH RI PDWHUQDO FDUH GHYRWHG WR \RXQJ� 7KH QXPEHU RI

WUDSV SHU JULG VKRXOG EH JRYHUQHG E\ D UXOH�RI�WKXPE FDOFXODWLRQ UHJDUGLQJ VDPSOH VL]H� 7R

SURGXFH HVWLPDWHV RI DEXQGDQFH DQG VXUYLYDO ZLWK DGHTXDWH SUHFLVLRQ WR GHWHFW FKDQJH�

DSSUR[LPDWHO\ �� LQGLYLGXDOV VKRXOG EH FDSWXUHG� :LWK VRPH D SULRUL NQRZOHGJH RI WKH GHQVLW\ RI

DQLPDOV LQKDELWLQJ SDUWLFXODU ORFDOHV� WKH DUHDO H[WHQW RI WKH JULG FDQ EH DSSUR[LPDWHG� )RU

H[DPSOH� LI WKH WUXH SRSXODWLRQ VL]H LV ��� DQLPDOV KD��� DQG WKH SUREDELOLW\ RI FDSWXUH RI LQGLYLGXDOV

�SUREDELOLW\ DQ LQGLYLGXDO LV FDSWXUHG JLYHQ WKH DQLPDO UHVLGHV RQ WKH SORW� LV URXJKO\ ����� WKHQ WKH

VL]H RI D WUDSSLQJ JULG VKRXOG EH DSSUR[LPDWHO\ �KD� ,I WKH JULG LV WR EH VTXDUH� WKDW LPSOLHV D

OHQJWK RI ���P� DQG LI WUDS VSDFLQJ LV ��P� WKHQ D ��[�� JULG RI WUDSV FDQ EH XVHG� 6LPLODU

FDOFXODWLRQV FRXOG EH FDUULHG RXW IRU RWKHU GHQVLWLHV� FDSWXUH SUREDELOLWLHV� DQG JULG RULHQWDWLRQV

�VHH DOVR :KLWH HW DO� ������

)LQDOO\� ZLWK PXOWLSOH� UHSOLFDWH JULGV

ZLWKLQ KDELWDWV� WR HPSOR\ DQ HPSLULFDO

PHDVXUH RI ZLWKLQ KDELWDW YDULDWLRQ LQ

GHPRJUDSK\� WKH VSDFLQJ RI JULGV PXVW

EH FRQVLGHUHG� 0L[LQJ RI LQGLYLGXDOV

EHWZHHQ JULGV LQYDOLGDWHV WKH

LQGHSHQGHQFH DVVXPSWLRQ QHFHVVDU\

IRU WKH HPSLULFDO PHDVXUH RI YDULDWLRQ�

VR HIIRUWV VKRXOG EH PDGH WR VSDFH

JULGV DW GLVWDQFHV VXIILFLHQW VXFK WKDW
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DQLPDOV DUH XQOLNHO\ WR WUDYHUVH GLVWDQFHV EHWZHHQ JULGV� 7HOHPHWU\ GDWD VXJJHVW QRUWKHUQ UHG�

EDFNHG YROHV DUH FDSDEOH RI WUDYHOLQJ ���P LQ �� KRXUV� &RQVHTXHQWO\� LI SODXVLEOH� SORWV VKRXOG EH

VLWXDWHG QR FORVHU WKDQ ���P� +RZHYHU� WKH GUDZEDFN WR WKLV LV WKH LQFUHDVH LQ WUDYHO WLPH RI WKH

ILHOG FUHZ EHWZHHQ SORWV �)LJXUH ���

E� 6DPSOLQJ VHVVLRQ GXUDWLRQ

:LWKLQ D VDPSOLQJ ERXW� WKH REMHFWLYH LV WR SURGXFH D SUHFLVH HVWLPDWH RI SRSXODWLRQ DEXQGDQFH�

8VLQJ PDUN�UHFDSWXUH WHFKQLTXHV� WKLV REMHFWLYH LV DFKLHYHG E\ VLPXOWDQHRXVO\ FDSWXULQJ DQG

PDUNLQJ D VXIILFLHQW QXPEHU RI LQGLYLGXDOV� SOXV UHFDSWXULQJ D VXIILFLHQW IUDFWLRQ RI WKH PDUNHG

LQGLYLGXDOV WR GHWHFW WHPSRUDO� EHKDYLRUDO� RU LQGLYLGXDO IRUPV RI KHWHURJHQHLW\ LQ FDSWXUH

SUREDELOLWLHV� 7KHUHIRUH� D VXIILFLHQW QXPEHU RI FDSWXUH RFFDVLRQV VKRXOG WDNH SODFH WR DOORZ

HVWLPDWLRQ RI WKHVH TXDQWLWLHV�

7KHUH LV D GDQJHU� KRZHYHU� LQ KDYLQJ WRR PDQ\ FDSWXUH HYHQWV� 7KHUH LV WKH SK\VLRORJLFDO ULVN

WKDW DQLPDOV VXEMHFW WR UHSHDWHG FRQILQHPHQW LQ WUDSV� HYHQ WKRXJK EULHI LQGLYLGXDOO\� PD\ EH WRR

H[WHQVLYH LQ DJJUHJDWH� 7KLV PD\ FDXVH ZHLJKW ORVV EHFDXVH RI ORVW IRUDJLQJ WLPH LQ PDOHV� DQG

SRVVLEO\ QHRQDWDO PRUWDOLW\ EHFDXVH RI ORVW DWWHQWLYHQHVV LQ PDWHUQDO IHPDOHV� ,QGH[HV RI WKLV

SK\VLRORJLFDO VWUHVV FDQ EH PHDVXUHG XVLQJ ZHLJKW DW FDSWXUH WR DVVHVV ORVW IRUDJLQJ WLPH�

$Q DGGLWLRQDO GDQJHU LQ KDYLQJ WUDSSLQJ HYHQWV H[WHQG RYHU H[WHQGHG SHULRGV LV WKH SRVVLEOH

YLRODWLRQ RI WKH DVVXPSWLRQ RI FORVXUH LQ WKH FORVHG DEXQGDQFH HVWLPDWLRQ PRGHOV� &ORVXUH PHDQV

WKH SRSXODWLRQ VL]H GRHV QRW FKDQJH GXULQJ WKH SHULRG RI LQYHVWLJDWLRQ� 7KLV DVVXPSWLRQ LV WHQDEOH�

L�H�� LW LV URXJKO\ WUXH� LI WKH SHULRG GXULQJ ZKLFK ELUWKV DQG GHDWKV DUH DVVXPHG WR EH ]HUR� LV

VXIILFLHQWO\ VKRUW� 5HYLHZLQJ GDWD IURP WKH SDVW � \HDUV� LW DSSHDUV WKLV DVVXPSWLRQ KROGV WKURXJK D

��GD\ WUDSSLQJ VHVVLRQ� EXW EHJLQV WR EUHDN GRZQ RQ GD\ ��

7R PLQLPL]H VWUHVV WR WKH DQLPDOV DVVRFLDWH ZLWK FRQILQHPHQW� WUDSV VKRXOG EH FKHFNHG

FRQWLQXRXVO\� +RZHYHU� WKLV LPSRVHV � GLIILFXOWLHV� )LUVW� LW EHFRPHV LPSRVVLEOH WR LGHQWLI\ D



Denali small mammal monitoring protocol -11-

Figure 7 . Diagram of robust design showing major and minor sampling
occasions, and estimable parameters.

VDPSOLQJ RFFDVLRQ� XSRQ ZKLFK PDUN�UHFDSWXUH PRGHOV DUH SUHPLVHG� 6HFRQG� WKLV LV DQ

XQUHDVRQDEOH H[SHFWDWLRQ WR SODFH XSRQ D ILHOG FUHZ ZKLFK QHHGV UHVW WR UHSOHQLVK WKHLU RZQ

QXWULHQW UHVHUYHV� &KHFNLQJ WUDSV RIWHQ UHVXOWV LQ WUDSV ZRUNLQJ PRUH HIILFLHQWO\� L�H�� D VLQJOH WUDS

FDQ FDWFK PRUH DQLPDOV LI LW LV HPSWLHG IUHTXHQWO\� +RZHYHU� WR DOORZ VXIILFLHQW WLPH IRU WKH ILHOG

FUHZ WR UH�HQHUJL]H� D FRPSURPLVH RI FKHFNLQJ WUDSV � WLPHV D GD\ KDV EHHQ XVHG� 7KH ILUVW FKHFN

RI WKH GD\ LV DW ����� WKH VHFRQG DW ����� DQG WKH WKLUG DW ����� 7KLV LPSOLHV WKH PD[LPXP

GXUDWLRQ EHWZHHQ FKHFNV LV �� KRXUV� 1HDU WKH HQG RI WKH ILHOG VHDVRQ� WKLV LQWHUYDO EHFRPHV

VRPHZKDW ORQJHU EHFDXVH GLPLQLVKLQJ GD\OLJKW UHTXLUHV EHJLQQLQJ WKH HYHQLQJ FKHFN SULRU WR ����

VR LW FDQ EH ILQLVKHG EHIRUH QDYLJDWLRQ EHWZHHQ WUDSV EHFRPHV LPSRVVLEOH�

F� 6DPSOLQJ LQWHQVLW\ GXULQJ WKH ILHOG VHDVRQ

:LWK WKH DGGHG REMHFWLYH RI WKH PRQLWRULQJ SURWRFRO EHLQJ WR HVWLPDWH VXUYLYDO DQG UHFUXLWPHQW

RI LQGLYLGXDOV EHWZHHQ VDPSOLQJ VHVVLRQV� D FRPELQDWLRQ RI RSHQ DQG FORVHG HVWLPDWLRQ PRGHOV LV

XVHG� �)LJXUH �� 7KLV §UREXVW GHVLJQ¨ �3ROORFN HW DO� ����� DOORZV XVH RI GDWD IURP ZLWKLQ VHVVLRQ
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WUDSSLQJ WR EH XVHG LQ WKH HVWLPDWLRQ RI ERWK DEXQGDQFH DQG VXUYLYDO�UHFUXLWPHQW�

6XEVWDQWLDO FKDQJHV WDNH SODFH LQ VPDOO PDPPDO SRSXODWLRQV GXULQJ WKH VQRZ�IUHH VHDVRQ LQ '133�

)RU WKH SXUSRVHV RI PRQLWRULQJ� LW LV LPSRUWDQW WR NQRZ WKH GHPRJUDSKLF SURFHVVHV WKDW JLYH ULVH

WR WKRVH FKDQJHV� 3RSXODWLRQ LQFUHDVH FDQ EH EURXJKW DERXW DV D UHVXOW RI KLJK VXUYLYDO DQG SRRU

UHFUXLWPHQW� RU FRQYHUVHO\� IURP ORZ VXUYLYDO DQG KLJK UHFUXLWPHQW� &RXSOLQJ WKH HVWLPDWLRQ RI

VXUYLYDO DQG UHFUXLWPHQW ZLWK WKH PHDVXUHPHQW RI DEXQGDQFH DOORZV WKH FRQWULEXWLQJ IDFWRUV WR

DEXQGDQFH WR EH HVWLPDWHG�

7KH HVWLPDWLRQ RI VXUYLYDO�UHFUXLWPHQW UHTXLUHV GDWD IURP ERWK HQG�SRLQWV RI WKH LQWHUYDO RI

LQWHUHVW� +RZHYHU� XVLQJ WUDGLWLRQDO -ROO\�6HEHU HVWLPDWLRQ WHFKQLTXHV� WKH SUHVHQFH RI D PDUNHG

LQGLYLGXDO LQ VDPSOLQJ RFFDVLRQ N LV D UHVXOW RI � SK\VLFDO SURFHVVHV� VXUYLYLQJ WKH SHULRG N�� WR N

�Q
N��
� DQG EHLQJ FDSWXUHG RQ RFFDVLRQ N �S

N
�� $V D UHVXOW� WKHVH � SDUDPHWHUV DUH QRW VHSDUDWHO\

HVWLPDEOH XQGHU D WLPH�VSHFLILF -ROO\�6HEHU PRGHO� 7KH UREXVW GHVLJQ DOOHYLDWHV WKLV GLIILFXOW\ WR

VRPH H[WHQW� EXW DW WKH FRVW RI DOWHUQDWLYH DVVXPSWLRQV�

&RQVHTXHQWO\� WR SURGXFH HVWLPDWHV RI VXUYLYDO�UHFUXLWPHQW� � PRUH VDPSOLQJ VHVVLRQV DUH

UHTXLUHG WKDQ WKH QXPEHU RI VXUYLYDO�UHFUXLWPHQW HVWLPDWHV GHVLUHG� %HFDXVH VXUYLYDO ODWH LQ WKH

VQRZ�IUHH SHULRG LV SDUWLFXODUO\ FULWLFDO WR GHWHUPLQLQJ WKH VWDWH RI WKH SRSXODWLRQ WKH IROORZLQJ

VSULQJ� WKH VDPSOLQJ VFKHGXOH VKRXOG EH GHVLJQHG VXFK WKDW WKH ILQDO VDPSOLQJ RFFDVLRQ WDNHV SODFH

QHDU WKH ILUVW VQRZIDOO�

G� 7UDS PRUWDOLWLHV

,QHYLWDEO\� VRPH ORVVHV UHVXOW IURP WKH WUDSSLQJ SURFHVV� HYHQ WKRXJK OLYHWUDSV DUH XVHG�

0RUWDOLWLHV VKRXOG EH SODFHG LQ LQGLYLGXDO SODVWLF EDJV �VDQGZLFK EDJV ZRUN ZHOO� LPPHGLDWHO\ DIWHU

UHPRYDO IURP WUDSV� ,QIRUPDWLRQ VKRXOG EH UHFRUGHG DQG SODFHG LQVLGH WKH EDJ XSRQ UHWXUQ WR

ILHOG FDPS� VSHFLHV� VH[� ZHLJKW� GDWH� WLPH� WUDS ORFDWLRQ� SORW� ODWLWXGH� DQG ORQJLWXGH� $V VRRQ DV
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SUDFWLFDO� VSHFLPHQV VKRXOG EH IUR]HQ� DQG WUDQVSRUWHG WR WKH 8$ 0XVHXP IRU GLVVHFWLRQ DQG

SUHVHUYDWLRQ�

/HYHOV RI FRQWDPLQDQWV� VXFK DV KHDY\ PHWDOV� FDQ EH GHWHUPLQHG IURP ERG\ WLVVXH� ,Q DGGLWLRQ�

JHQHWLF LQIRUPDWLRQ� VXFK DV JHQHWLF DQRPDOLHV� DQG PDWHUQDO�SDWHUQDO FKDUDFWHULVWLFV FDQ EH

GHWHUPLQHG IURP JHQHWLF DQDO\VLV E\ WKH VWDII DW WKH 8$ 0XVHXP� 7KHVH VSHFLPHQV DOVR SURYLGH

DUFKLYDO LQIRUPDWLRQ UHODWLQJ WR WKH LGHQWLILFDWLRQ RI VSHFLHV LQ WKH ILHOG� 'LIIHUHQWLDWLRQ EHWZHHQ

WKH VKUHZ VSHFLHV LV DOVR RQO\ DFFRPSOLVKHG E\ VWXG\ RI GHQWLWLRQ IURP WUDS PRUWDOLWLHV�

���� 'DWD VWRUDJH'DWD VWRUDJH

5HFRUGLQJ GDWD LQ HOHFWURQLF IRUP DV FORVH WR WKH WLPH WKH GDWD DUH DYDLODEOH LV IXQGDPHQWDO WR

PLQLPL]LQJ GDWD HUURUV� 7KH SUREOHP RI GDWD HQWU\ HUURUV LV SDUWLFXODUO\ DFXWH ZKHQ ZRUNLQJ ZLWK

OLYH DQLPDOV WKDW PD\ QRW EH UHVLJKWHG XSRQ UHOHDVH� 7R FRPSRXQG WKLV SUREOHP� WKH PDJQLWXGH RI

GDWD FROOHFWHG LQ D VPDOO PDPPDO VWXG\ LV LQGHHG YROXPLQRXV� $V DQ H[DPSOH� GXULQJ WKH ���� ILHOG

VHDVRQ� ���� LQGLYLGXDOV ZHUH UHPRYHG IURP WUDSV� LQFOXGLQJ QRQ�WDUJHW VSHFLHV VXFK DV JUH\ MD\V

DQG UHG VTXLUUHOV� &RQVHTXHQWO\� DQ HIILFLHQW PHWKRG RI GDWD HQWU\ QHHGV WR EH HPSOR\HG QRW RQO\

WR UHGXFH HQWU\ HUURUV� EXW DOVR WR SURFHVV GDWD LQ D WLPHO\ IDVKLRQ�

:H XVH SDOPWRS FRPSXWHUV ���FP [ ���FP [ ���FP� ���J� PDQXIDFWXUHG E\ +HZOHWW�3DFNDUG WR

WDNH WR WKH WUDSV� ,Q WKLV PDQQHU� GDWD FDQ EH UHFRUGHG HOHFWURQLFDOO\ ZKLOH WKH DQLPDO LV VWLOO LQ�

KDQG� 7KH GDWD DUH HQWHUHG LQWR D VWDQGDUG /RWXV VSUHDGVKHHW IRU HDV\ WUDQVIHU WR GHVNWRS

PDFKLQHV IRU VXEVHTXHQW DQDO\VLV� 3,7 WDJ LQIRUPDWLRQ LV DOVR VWRUHG LQ WKH VFDQQHUV� DQG FDQ EH

WUDQVIHUUHG WR GHVNWRS PDFKLQHV IRU FKHFNLQJ DJDLQVW WKH SRVVLELOLW\ RI WUDQVFULSWLRQ HUURUV�

:KLOH LQ ILHOG FDPS� GDWD DUH WUDQVIHUUHG HDFK HYHQLQJ IURP WKH SDOPWRSV WR D ODSWRS FRPSXWHU

NHSW LQ FDPS� 'DWD DUH VDYHG WR WKH KDUG GLVN DQG DOVR WR IORSS\ GLVN� VR WKDW DW WKH FRQFOXVLRQ RI

HDFK GD\ LQ WKH ILHOG� GDWD DUH VWRUHG LQ � ORFDWLRQV� 7KLV KDV HIIHFWLYHO\ HOLPLQDWHG RXU XVH RI
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)LJXUH �)LJXUH �� )ORZ RI GDWD� DQG GDWD KDQGOLQJ LQ WKH ILHOG IRU VPDOO PDPPDO PRQLWRULQJ�

ZULWWHQ QRWHV

IRU GDWD

FROOHFWLRQ�

WKH VLQJOH

H[FHSWLRQ WR

WKLV LV WKH

WDJV VWRUHG

ZLWK WKH

LQFLGHQWDO

PRUWDOLWLHV

�)LJXUH ���

���� 'DWD DQDO\VLV'DWD DQDO\VLV

$IWHU WKH GDWD KDYH EHHQ FROOHFWHG DQG FRPSXWHUL]HG LQ WKH ILHOG� WKH\ VKRXOG EH UHDG\ IRU DQDO\VLV

WR HVWLPDWH WKH GHPRJUDSKLF SDUDPHWHUV RI LQWHUHVW� +RZHYHU� JLYHQ WKH YROXPH RI GDWD�

GHVFULEHG DERYH� VHYHUDO OHYHOV RI HUURU FKHFNLQJ DUH HPSOR\HG SULRU WR ILQDO DQDO\VLV�

$W WKH PRVW UXGLPHQWDU\ OHYHO� WKH GDWD DUH VRUWHG E\ WDJ QXPEHU DQG REYLRXV RXWOLHUV FDQ EH

QRWHG E\ QXPEHUV DSSHDULQJ RXW RI VHTXHQFH� $W D VHFRQGDU\ OHYHO� D FDWDORJ RI WDJV WDNHQ WR WKH

ILHOG FDQ EH FKHFNHG DJDLQVW WDJV DSSHDULQJ LQ GDWD ILOHV� WDJ QXPEHUV QRW DSSHDULQJ LQ WKH FDWDORJ

DUH REYLRXVO\ LQ HUURU� $V D ILQDO VWHS� FDSWXUH KLVWRULHV �VHH EHORZ� DUH FUHDWHG XVLQJ FRPSXWHU

FRGH GHVFULEHG ODWHU� 7KHVH GDWD VXPPDULHV DUH H[DPLQHG IRU DQRPDOLHV VXFK DV WKLV�

�������$�& ����������
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�������&�$ ����������
REYLRXVO\ LQGLFDWLQJ DQ HUURU LQ WKH VHFRQG WDJ QXPEHU� ZKLFK ZDV RQO\ GHWHFWHG RQFH� ZKLOH D

YDU\ VLPLODU WDJ QXPEHU ZDV HQFRXQWHUHG YHU\ RIWHQ� EXW QRW RQ WKH RFFDVLRQ ZKHQ WKH WUDS�KDSS\

LQGLYLGXDO ZDV PLVVHG�

7KH UDZ GDWD HQWHUHG LQ VSUHDGVKHHW IRUPDW� PXVW EH VXPPDUL]HG LQWR FDSWXUH KLVWRU\ IRUPDW IRU

HVWLPDWLRQ RI GHPRJUDSKLF SDUDPHWHUV� 7KLV FRQVLVWV RI ILQGLQJ DOO WUDSSLQJ RFFDVLRQV RQ ZKLFK DQ

LQGLYLGXDO ZDV HQFRXQWHUHG� QRWLQJ WKH RFFDVLRQ RI LQWHUHVW� HQWHULQJ D ©�
 LQ WKH FDSWXUH KLVWRU\

VHTXHQFH� DQG ILOOLQJ WKH UHPDLQGHU RI WKH VHTXHQFH ZLWK ©�
� ,Q DGGLWLRQ� GDWD DUH VWUDWLILHG E\

VSHFLHV� VH[� DQG SORW EHFDXVH GHPRJUDSKLF SDUDPHWHUV VKRXOG EH HVWLPDWHG IRU HDFK RI WKHVH

FDWHJRULHV LQGLYLGXDOO\� 7KLV LV DFFRPSOLVKHG E\ WKH DFFRPSDQ\LQJ 6$6 SURJUDP �$SSHQGL[ ,� DIWHU

WKH GDWD KDYH EHHQ WUDQVIRUPHG IURP VSUHDGVKHHW WR G%$6( IRUPDW�

7KH 6$6 FRGH QRW RQO\ FRQYHUWV WKH UDZ GDWD WR FDSWXUH KLVWRULHV� EXW DOVR LQVHUWV KHDGHU

LQIRUPDWLRQ VR WKDW PDQXIDFWXUHG ILOHV FDQ EH GLUHFWO\ VXEPLWWHG WR SURJUDP &$3785( �2WLV HW DO�

����� 5H[VWDG DQG %XUQKDP ����� IRU FRPSXWDWLRQ RI DEXQGDQFH HVWLPDWHV� 7KLV SURJUDP

SURGXFHV QRW RQO\ HVWLPDWHV RI DEXQGDQFH� EXW DOVR DVVHVVHV WKH PRGHO PRVW DSSURSULDWH IRU WKH

GDWD EHLQJ DQDO\]HG� GHWHUPLQLQJ WKH IRUPV RI YDULDWLRQ LQ FDSWXUH SUREDELOLWLHV SUHVHQW LQ WKH GDWD�

$GGLWLRQDOO\� D VWDWLVWLFDO WHVW RI FORVXUH LV DOVR SHUIRUPHG DQG UHSRUWHG E\ WKH SURJUDP� 7KLV DLGV

LQ WKH LQWHUSUHWDWLRQ RI WKH DSSURSULDWHQHVV RI FORVHG SRSXODWLRQ PRGHOV IRU WKH GDWD RI LQWHUHVW�

3URJUDP &$3785( LV DOVR FDSDEOH RI SURGXFLQJ HVWLPDWHV RI GHQVLW\� XVLQJ WKH PHWKRG RI QHVWHG

JULGV �2WLV HW DO� ������ )XUWVFK ������ IRXQG WKLV WR EH D SODXVLEOH PHWKRG RI HVWLPDWLRQ ZKHQ

DGHTXDWH GDWD ZHUH DYDLODEOH� EXW LQ \HDUV RI ORZ YROH DEXQGDQFH� WKLV WHFKQLTXH IDLOHG IRU ODFN RI

GDWD�

$OWHUQDWLYHO\� &$3785( FRPSXWHV WKH PHDQ PD[LPXP GLVWDQFH PRYHG �00'0� IRU LQGLYLGXDOV LQ
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D GDWD VHW� 7KLV LV DFFRPSOLVKHG E\ XVLQJ WKH (XFOLGHDQ GLVWDQFH IRUPXOD WR FRPSXWH GLVWDQFHV

EHWZHHQ WUDS ORFDWLRQV DW ZKLFK LQGLYLGXDOV DUH FDSWXUHG� 7KH PD[LPXP RI WKLV GLVWDQFH IRU HDFK

LQGLYLGXDO LV DVVXPHG WR DSSUR[LPDWH WKH ZLGWK RI DQ LQGLYLGXDOªV KRPH UDQJH� 7KH DYHUDJH RI WKLV

YDOXH LV FRPSXWHG DFURVV DOO DQLPDOV LQ WKH GDWD VHW� 2QH KDOI 00'0 LV WKHQ XVHG DV WKH ZLGWK RI

D ERXQGDU\ VWULS �'LFH ����� ZKLFK LV DGGHG WR WKH GLPHQVLRQ RI WKH WUDSSLQJ JULG WR SURGXFH WKH

HIIHFWLYH DUHD RI WKH WUDSSLQJ JULG� 'HQVLW\ RI DQLPDOV LV SURGXFHG E\ WDNLQJ WKH DEXQGDQFH

HVWLPDWH � � DQG GLYLGLQJ E\ WKH HIIHFWLYH DUHD� )XUWVFK ������ FDUULHG RXW WKHVH FDOFXODWLRQV�N̂

DORQJ ZLWK WKHLU DVVRFLDWHG PHDVXUHV RI SUHFLVLRQ IRU '133 GDWD�

$ VXEVWDQWLDOO\ GLIIHUHQW DSSURDFK WR GHQVLW\ HVWLPDWLRQ FDQ EH HPSOR\HG ZLWK GDWD IURP WKH

WUDSSLQJ ZHEV� 7KLV WKHRU\� GLVWDQFH VDPSOLQJ WKHRU\� LV GHVFULEHG LQ %XFNODQG HW DO� ������� DQG

SURJUDP ',67$1&( �/DDNH HW DO� ����� FRPSXWHV WKH GHQVLW\ HVWLPDWHV� $EXQGDQFH LV QRW

HVWLPDWHG GLUHFWO\� EXW WKH VSDWLDO SDWWHUQ RI FDSWXUHV LV XVHG WR HVWLPDWH GHWHFWLRQ SUREDELOLW\�

ZKLFK LV LQ WXUQ XVHG WR HVWLPDWH GHQVLW\� 7KLV LV H[DFWO\ HTXLYDOHQW WR WKH XVH RI YDULDEOH FLUFXODU

SORWV IRU HVWLPDWLRQ RI GHQVLW\ LQ SDVVHULQHV� %HFDXVH RI GLIILFXOWLHV DVVRFLDWHG ZLWK GDWD FROOHFWLRQ

RQ WUDSSLQJ ZHEV �GLVFXVVHG DERYH�� GHWDLOV RI WKLV DQDO\VLV ZLOO QRW EH SUHVHQWHG�

2SHQ SRSXODWLRQ PRGHOV �3ROORFN HW DO� ����� DUH XVHG IRU WKH HVWLPDWLRQ RI VXUYLYDO DQG

UHFUXLWPHQW� &DSWXUH KLVWRULHV SURGXFHG IRU XVH ZLWK FORVHG SRSXODWLRQ PRGHOV DUH FROODSVHG

IXUWKHU WR LQGLFDWH ZKHWKHU DQ LQGLYLGXDO LV GHWHFWHG DW DQ\ WLPH GXULQJ WKH WUDSSLQJ VHVVLRQ�

7KHVH FDSWXUH KLVWRULHV DUH DQDO\]HG E\ SURJUDP -2//< IRU SDUDPHWHU HVWLPDWLRQ� *RRGQHVV�RI�

ILW WHVWV DUH FRPSXWHG� DQG D VHULHV RI PRGHOV� ZLWK GHFUHDVLQJ DPRXQWV RI WLPH�VSHFLILFLW\ LQ

VXUYLYDO DQG UHFDSWXUH SUREDELOLWLHV DUH ILW WR WKH GDWD�

)URP WKH SRLQW HVWLPDWHV DQG DVVRFLDWHG VWDQGDUG HUURUV� VWDWLVWLFDO FRPSDULVRQV RI DQ\

GHPRJUDSKLF SDUDPHWHU HVWLPDWHV FDQ EH PDGH� 7KLV ZDV HPSOR\HG E\ 5H[VWDG ������ WR WHVW IRU
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)LJXUH �)LJXUH �� %HUU\ SURGXFWLRQ GDWD IURP 5RFN &U� IRUHVW YHJHWDWLRQ
SORW�

GLIIHUHQFHV LQ DEXQGDQFH EHWZHHQ KDELWDWV DQG EHWZHHQ \HDUV RI WKH '133 VWXG\� 6LPLODU

FRPSDULVRQV FRXOG EH PDGH IRU VXUYLYDO DQG UHFUXLWPHQW HVWLPDWHV� DOWKRXJK UHFUXLWPHQW

HVWLPDWHV KDYH QRWRULRXVO\ ODUJH VWDQGDUG HUURUV�

���� ,QWHJUDWLRQ ZLWK RYHUDOO PRQLWRULQJ IUDPHZRUN,QWHJUDWLRQ ZLWK RYHUDOO PRQLWRULQJ IUDPHZRUN

D� 8VH RI GDWD IURP RWKHU PRQLWRULQJ FRPSRQHQWV

0RQLWRULQJ FRQVLVWV RI DFWLYLWLHV EH\RQG ZDWFKLQJ D V\VWHP IRU LQGLFDWLRQV RI FKDQJH�

8QGHUVWDQGLQJ PHFKDQLVPV UHVSRQVLEOH IRU FKDQJHV LV DQ LPSRUWDQW FRPSRQHQW RI GRFXPHQWLQJ

WKH VRXUFHV RI LQWULQVLF YDULDWLRQ LQ HFRV\VWHP DWWULEXWHV� $ ODUJH�VFDOH PRQLWRULQJ SURJUDP

VKRXOG DOVR EH LQWHJUDWLYH� L�H�� FRDOHVFHQFH RI GDWD IURP VHYHUDO FRPSRQHQWV�

7KH SDWWHUQ RI JRRG \HDUV�SRRU \HDUV LQ YROH DEXQGDQFH PD\ EH H[SODLQHG E\ GLIIHUHQFHV LQ ZLQWHU

FRQGLWLRQV� $ EHQLJQ ZLQWHU HQYLURQPHQW IRU QRQKLEHUQDWLQJ YROHV LQYROYHV D FRPELQDWLRQ RI

WLPLQJ� WHPSHUDWXUH� DQG VQRZ GHSWK� 0HWHRURORJLFDO FRQGLWLRQV RSHUDWH DW TXLWH VPDOO

JHRJUDSKLFDO VFDOHV� SDUWLFXODUO\ LQ WKH $ODVND 5DQJH� &RQVHTXHQWO\� PHWHRURORJLFDO GDWD IURP WKH

ZHDWKHU VWDWLRQV ORFDWHG LQ WKH 5RFN &U� ZDWHUVKHG ZRXOG EH EHQHILFLDO WR LQYHVWLJDWH ORFDO�VFDOH

GLIIHUHQFHV LQ RYHUZLQWHU

FRQGLWLRQV�

9HJHWDWLYH GDWD� LQFOXGLQJ

EHUU\ SURGXFWLRQ GDWD� PD\

EH LQIRUPDWLYH LQ PHDVXULQJ

IDFWRUV LQIOXHQFLQJ VXUYLYDO

DQG UHSURGXFWLRQ� $ KLJKO\

VLJQLILFDQW FRUUHODWLRQ RI

EHUU\ FURS WR YROH DEXQGDQFH

KDV EHHQ VKRZQ E\ -RKQVRQ
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HW DO� ������ LQ ,QWHULRU $ODVND� 3UHOLPLQDU\ H[DPLQDWLRQ RI EHUU\ SURGXFWLRQ GDWD OHDGV WR

HTXLYRFDO UHVXOWV DERXW DQQXDO YDULDWLRQ LQ EHUU\ FURS �)LJXUH ��� &DUHIXO WKRXJKW VKRXOG EH JLYHQ

WR WKH ZD\ LQ ZKLFK EHUU\ FURS LQIOXHQFHV YROH GHPRJUDSKLFV� %HUULHV SURYLGH D IRRG VRXUFH IRU

YROHV QRW RQO\ ZKHQ WKH\ ULSHQ LQ $XJXVW� EXW WKURXJK WKH UHPDLQGHU RI WKDW VHDVRQ� SOXV XQGHU

WKH VQRZ GXULQJ WKH ZLQWHU� DQG GXULQJ JUHHQ�XS WKH IROORZLQJ VSULQJ� 3RVVLEO\ D PHDVXUH RI

SHUVLVWHQFH RI EHUULHV EH\RQG WKHLU SURGXFWLRQ PD\ EH D EHWWHU SUHGLFWRU RI EHQHILFLDO HIIHFWV RI

EHUULHV RQ YROH SRSXODWLRQ G\QDPLFV�

9ROHV KDYH DOVR VHUYHG DV VXUURJDWH VDPSOHUV WR FRPSOHPHQW WKH IXQJDO LQYHQWRU\ LQ '133� )HFDO

VDPSOHV IURP FDSWXUHG YROHV KDYH EHHQ DQDO\]HG E\ 'U� *DU\ /DXUVHQ� 8$)� 6SRUHV RI IXQJDO

VSHFLHV KDYH EHHQ IRXQG LQ WKH IHFHV WKDW ZHUH QRW GHWHFWHG LQ ILHOG VDPSOLQJ E\ UHVHDUFKHUV

�/DXUVHQ� SHUV� FRPP��� ,Q WKLV PDQQHU� WKH VPDOO PDPPDO PRQLWRULQJ LV DOVR� LQGLUHFWO\�

FRQWULEXWLQJ WR WKH PRQLWRULQJ RI IXQJL LQ '133� ZKLOH SURYLGLQJ LQIRUPDWLRQ RQ IRRG KDELWV RI

YROHV�

E� 'HWHFWLRQ RI VLJQLILFDQW FKDQJHV LQ VPDOO PDPPDO SRSXODWLRQV

'HWHUPLQDWLRQ RI ELRORJLFDOO\ VLJQLILFDQW FKDQJHV LQ YROH SRSXODWLRQV LV VWLOO SUREOHPDWLF DIWHU �

\HDUV RI GDWD FROOHFWLRQ� 9ROHV LQ WKH JHQXV 0LFURWXV KDYH QRW GHPRQVWUDWHG VWURQJ DEXQGDQFH DW

DQ\ SRLQW GXULQJ WKH � \HDUV RI VWXG\� +RZHYHU� WKH SRSXODWLRQV GR QRW DSSHDU WR EH LQ MHRSDUG\�

UHWXUQLQJ \HDU DIWHU \HDU� 1RUWKHUQ UHG�EDFNHG YROHV KDYH H[SHULHQFHG GUDPDWLF IOXFWXDWLRQV LQ

SRSXODWLRQ DEXQGDQFH �D VL[�IROG FKDQJH ��������� +RZHYHU� WKHUH LV QR FOHDU SDWWHUQ LQ

DEXQGDQFH FKDQJHV� (YHQ ORZ SRSXODWLRQ VL]HV GR QRW SUHYHQW UHG�EDFNHG YROHV IURP UHERXQGLQJ

LQ VXEVHTXHQW \HDUV� , ZRXOG VSHFXODWH WKDW � FRQVHFXWLYH \HDUV RI SRSXODWLRQ DEXQGDQFH � ��

DQLPDOV SHU SORW DW WKH HQG RI WKH ILHOG VHDVRQ PD\ EH FDXVH IRU FRQFHUQ�

3RSXODWLRQ VXUYLYDO UDWH LV PRUH SUREOHPDWLF EHFDXVH LQ \HDUV RI ORZ SRSXODWLRQ DEXQGDQFH�

SRSXODWLRQ VXUYLYDO UDWH LV GLIILFXOW WR HVWLPDWH EHFDXVH RI ODFN RI GDWD� $Q DGGLWLRQDO FRPSOLFDWLRQ
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LV WKDW DSSDUHQW VXUYLYDO �SURGXFW RI VXUYLYLQJ DQG QRW HPLJUDWLQJ� LV WKH SDUDPHWHU EHLQJ

HVWLPDWHG� 6XUYLYDO UDWH ZLWKLQ D VHDVRQ RQ WKH RUGHU RI ��� ZRXOG VHHP GLIILFXOW IRU SRSXODWLRQ

PDLQWHQDQFH� 3RWHQWLDOO\ WKH XVH RI WUHQGV LQ VXUYLYDO UDWH RYHU D QXPEHU RI VHDVRQV ZRXOG EH

PRUH LQGLFDWLYH RI SRSXODWLRQ VWUHVV� 6XUYLYDO UDWHV LQ WKLV UHDOP IRU � FRQVHFXWLYH \HDUV ZRXOG

SRWHQWLDOO\ QHFHVVLWDWH UHVHDUFK RU PDQDJHPHQW LQWHUYHQWLRQ�

��� /LWHUDWXUH FLWHG

%XFNODQG� 6� 7�� '� 5� $QGHUVRQ� .� 3� %XUQKDP� DQG -� /� /DDNH� ����� 'LVWDQFH VDPSOLQJ� HVWLPDWLQJ

DEXQGDQFH RI ELRORJLFDO SRSXODWLRQV� &KDSPDQ DQG +DOO� /RQGRQ� ���SS�

'LFH� /� 5� ����� 6RPH FHQVXV PHWKRGV IRU PDPPDOV� -� :LOGO� 0DQDJH� ����������

)XUWVFK� 3� 5� ����� 7HFKQLTXHV IRU PRQLWRULQJ GHQVLW\ DQG FRUUHODWHV RI LQWHUDQQXDO YDULDWLRQ IRU

QRUWKHUQ UHG�EDFNHG YROHV �&OHWKULRQRP\V UXWLOXV� LQ 'HQDOL 1DWLRQDO 3DUN DQG 3UHVHUYH�

$ODVND� 0�6� WKHVLV� 8QLY� RI $ODVND�)DLUEDQNV� )DLUEDQNV $.� ���SS�

-RKQVRQ� :� 1�� 7� )� 3DUDJL� DQG '� '� .DWQLN� ����� 7KH UHODWLRQVKLS RI ZLOGOLIH WR O\Q[ DQG

PDUWHQ SRSXODWLRQV DQG KDELWDW LQ LQWHULRU $ODVND� )LQDO 5HSRUW� 8�6� )LVK 	 :LOGOLIH 6HUYLFH�

*DOHQD $.� ���SS�

/DDNH� -� /� ����� 8VHUV JXLGH IRU SURJUDP ',67$1&(� &2 &RRS� )LVK 	 :LOGO� 5HV� 8QLW� )W�

&ROOLQV &2� ��SS�

2WLV� '�� .� 3� %XUQKDP� *� &� :KLWH� DQG '� 5� $QGHUVRQ� ����� 6WDWLVWLFDO LQIHUHQFH IURP FDSWXUH

GDWD RQ FORVHG DQLPDO SRSXODWLRQV� :LOGO� 0RQRJU� ���������
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3ROORFN� .� +�� -� '� 1LFKROV� &� %URZQLH� DQG -� (� +LQHV� ����� 6WDWLVWLFDO LQIHUHQFH IRU FDSWXUH�

UHFDSWXUH H[SHULPHQWV� :LOGO� 0RQRJU� ���������

3XOOLDP� +� 5� ����� 6RXUFHV� VLQNV� DQG SRSXODWLRQ UHJXODWLRQ� $P� 1DW� ������������

5H[VWDG� (�� DQG .� 3� %XUQKDP� ����� 8VHUV JXLGH IRU LQWHUDFWLYH SURJUDP &$3785(� $EXQGDQFH

HVWLPDWLRQ RI FORVHG DQLPDO SRSXODWLRQV� &2 &RRS� )LVK 	 :LOGO� 5HV� 8QLW� )W� &ROOLQV &2�

��SS�

5H[VWDG� (� ����� 'HWHFWLQJ GLIIHUHQFHV LQ ZLOGOLIH SRSXODWLRQV DFURVV WLPH DQG VSDFH� 3DJHV

������� LQ ��WK 1RUWK $PHULFDQ 1DWXUDO 5HVRXUFH DQG :LOGOLIH &RQIHUHQFH�

:KLWH� *� &�� '� 5� $QGHUVRQ� .� 3� %XUQKDP� DQG '� /� 2WLV� ����� &DSWXUH�UHFDSWXUH DQG

UHPRYDO PHWKRGV IRU VDPSOLQJ FORVHG SRSXODWLRQV� /RV $ODPRV 1DWLRQDO /DERUDWRU\� /$�

�����1(53� /RV $ODPRV 10� ���SS�

:LOVRQ� .� 5�� DQG '� 5� $QGHUVRQ� ����� (YDOXDWLRQ RI D GHQVLW\ HVWLPDWRU EDVHG RQ WUDSSLQJ ZHE

DQG GLVWDQFH VDPSOLQJ WKHRU\� (FRORJ\ �������������
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$SSHQGL[ ,� 6$6 FRGH IRU JHQHUDWLRQ RI FDSWXUH KLVWRULHV IRU DQDO\VLV YLD &$3785(�
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 0$.(;0$7�6$6 ��� �� 0D\ ����� (ULF 5H[VWDG �

 �� 0D\ ���� 0RGLILHG DJH�VH[ VSHFLILF �

 &RQYHUWV UDZ GDWD ILOH LQWR [�PDWUL[ IRU XVH LQ SURJUDP &$3785( �

 0RGLILHG �� $XJXVW ���� IRU $/$6.$ �

 0RGLILHG �� -XQH ���� IRU 'HQDOL JULGV 	 ZHEV �
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 8VHU LQSXW UHTXLUHG�
�OHW ORFDWLRQ  'HQ� �
 0RGLI\ WKHVH � OLQHV WR 
�
�OHW VHVVLRQ  V�B���
�OHW EHJGDWH  � -XO\ ����� �
 FRUUHVSRQG ZLWK GDWD VHW 
�
�OHW RFF  ��� �
 EHLQJ SUHSDUHG IRU DQDO\VLV� 
�























�

OLEQDPH VHV� 
F�?UHVHDUFK?VPDOPDP?GHQDOL?��?VHVVLRQ�
�
GDWD� VHW VHV��V�VH[�
PLQXWH  �� VHFRQG  ��
FDWWLP  GKPV�GDWH�� KRXU� PLQXWH� VHFRQG��
NHHS GDWH� KRXU FDWWLP [ \ WDJ VH[ SORW VSHF ZW�

SURF VRUW� E\ FDWWLP�
GDWD GD\V� VHW BODVWB� E\ FDWWLP�

�
 'HWHUPLQH QXPEHU RI GD\V LQ WUDSSLQJ SHULRG 
��
LI ILUVW�FDWWLP WKHQ GD\���

�
 6XEVHW E\ SORW RU ZHE 
��
GDWD IO� VHW GD\V� LI SORW  
)/
�
GDWD UO� VHW GD\V� LI SORW  
5/
�
GDWD IZZ� VHW GD\V� LI SORW  
)::
�
GDWD IZH� VHW GD\V� LI SORW  
):(
�
GDWD UZ� VHW GD\V� LI SORW  
5:
�

�
 6XEVHW E\ VSHF DQG VH[ ZLWKLQ SORW 
��

GDWD FOIO� VHW IO� LI VSHF  
&/58
� UXQ�
GDWD PLIO� VHW IO� LI VXEVWU�VSHF�����  
0,
� UXQ�
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SURF VRUW GDWD FOIO� E\ WDJ GD\�
SURF VRUW GDWD PLIO� E\ WDJ GD\�

GDWD FOUO� VHW UO� LI VSHF  
&/58
� UXQ�
GDWD PLUO� VHW UO� LI VXEVWU�VSHF�����  
0,
� UXQ�

SURF VRUW GDWD FOUO� E\ WDJ GD\�
SURF VRUW GDWD PLUO� E\ WDJ GD\�

GDWD FOIZZ� VHW IZZ� LI VSHF  
&/58
� UXQ�
GDWD PLIZZ� VHW IZZ� LI VXEVWU�VSHF�����  
0,
� UXQ�
SURF VRUW GDWD FOIZZ� E\ WDJ GD\�
SURF VRUW GDWD PLIZZ� E\ WDJ GD\�

GDWD FOIZH� VHW IZH� LI VSHF  
&/58
� UXQ�
GDWD PLIZH� VHW IZH� LI VXEVWU�VSHF�����  
0,
� UXQ�
SURF VRUW GDWD FOIZH� E\ WDJ GD\�
SURF VRUW GDWD PLIZH� E\ WDJ GD\�

GDWD FOUZ� VHW UZ� LI VSHF  
&/58
� UXQ�
GDWD PLUZ� VHW UZ� LI VXEVWU�VSHF�����  
0,
� UXQ�
SURF VRUW GDWD FOUZ� E\ WDJ GD\�
SURF VRUW GDWD PLUZ� E\ WDJ GD\�
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�
 3URFHVV )RUHVW /RZHU GDWD 
��






















































�

GDWD VRUWHG� VHW FOIO HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU FOHWK 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ /RZHU )RUHVW &OHWK EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
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HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG�
UXQ�

GDWD VRUWHG� VHW PLIO HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU 0LFURWXV 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ /RZHU )RUHVW 0LFURWXV EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG� UXQ�























































�
�
 3URFHVV /RZHU 5LSDULDQ GDWD 
��






















































�

GDWD VRUWHG� VHW FOUO HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU FOHWK 
��
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DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ /RZHU 5LSDULDQ &OHWK EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG�
UXQ�

GDWD VRUWHG� VHW PLUO HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU 0LFURWXV 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ /RZHU 5LSDULDQ 0LFURWXV EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
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LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG� UXQ�





























































�
�
 3URFHVV )RUHVW :HE :HVW GDWD 
��




























































�

GDWD VRUWHG� VHW FOIZZ HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU FOHWK 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ )RUHVW :HE :HVW &OHWK EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG�
UXQ�

GDWD VRUWHG� VHW PLIZZ HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU 0LFURWXV 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�
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LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ )RUHVW :HE :HVW 0LFURWXV EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG� UXQ�

�
 'DWD IRU LQSXW WR ',67$1&( 
��
GDWD FOIZZ�� VHW FOIZZ� E\ WDJ�
LI ILUVW�WDJ WKHQ GR�
RXWSXW�
HQG�

WLWOH 
)LUVW FDSWXUHV RI &/58 RQ )::
�
SURF IUHT� WDEOHV [�QRURZ QRFRO QRSHUFHQW�
UXQ�
�
 7UDS RFFXSDQF\ 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 5HG�EDFNV RQ )::
�
SURF IUHT GDWD FOIZZ� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

�
 'DWD IRU LQSXW WR ',67$1&( 
��
GDWD PLIZZ�� VHW PLIZZ� E\ WDJ�
LI ILUVW�WDJ WKHQ GR�
RXWSXW�

HQG�
WLWOH 
)LUVW FDSWXUHV RI 0LFURWXV RQ )::
�
SURF IUHT� WDEOHV [�QRURZ QRFRO QRSHUFHQW�
UXQ�
�
 7UDS RFFXSDQF\ 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 0LFURWXV RQ )::
�
SURF IUHT GDWD PLIZZ� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
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UXQ�





























































�
�
 3URFHVV )RUHVW :HE (DVW GDWD 
��




























































�
GDWD VRUWHG� VHW FOIZH HQG ODVW� E\ WDJ�

�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU FOHWK 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ )RUHVW :HE (DVW &OHWK EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG�
UXQ�

GDWD VRUWHG� VHW PLIZH HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU 0LFURWXV 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ )RUHVW :HE (DVW 0LFURWXV EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
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HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG� UXQ�

�
 'DWD IRU LQSXW WR ',67$1&( 
��
GDWD FOIZH�� VHW FOIZH� E\ WDJ�
LI ILUVW�WDJ WKHQ GR�
RXWSXW�
HQG�
UXQ�
WLWOH 
)LUVW FDSWXUHV RI &/58 RQ ):(
�
SURF IUHT� WDEOHV [�QRURZ QRFRO QRSHUFHQW�
UXQ�
�
 7UDS RFFXSDQF\ 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 5HG�EDFNV RQ ):(
�
SURF IUHT GDWD FOIZH� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

�
 'DWD IRU LQSXW WR ',67$1&( 
��
GDWD PLIZH�� VHW PLIZH� E\ WDJ�
LI ILUVW�WDJ WKHQ GR�
RXWSXW�

HQG�
UXQ�
WLWOH 
)LUVW FDSWXUHV RI 0LFURWXV RQ ):(
�
SURF IUHT� WDEOHV \�QRURZ QRFRO QRSHUFHQW�
UXQ�
�
 7UDS RFFXSDQF\ 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 0LFURWXV RQ )::
�
SURF IUHT GDWD PLIZH� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�UXQ�


























































�
�
 3URFHVV 5LSDULDQ :HE GDWD 
��

























































�
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GDWD VRUWHG� VHW FOUZ HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU FOHWK 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ 5LSDULDQ :HE &OHWK EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG�
UXQ�

GDWD VRUWHG� VHW PLUZ HQG ODVW� E\ WDJ�
�
 &RQVWUXFW [�PDWUL[ �DV DUUD\� IRU 0LFURWXV 
��

DUUD\ [PDW^	RFF` [��[	RFF�
UHWDLQ [��[	RFF�
ILOH �	ORFDWLRQ	VHVVLRQ��LQS� PRG�

LI B1B  � WKHQ GR�
SXW �WLWOH 
6LWH 	ORFDWLRQ 5LSDULDQ :HE 0LFURWXV EHJLQQLQJ 	EHJGDWH
��
SXW �WDVN UHDG FDSWXUHV RFFDVLRQV 	RFF [ PDWUL[��
SXW �IRUPDW 
��[�D���[���I����
��
SXW 
5HDG ,QSXW 'DWD
�
HQG�

LI ILUVW�WDJ WKHQ GR�
GR L � WR GLP�[PDW��
[PDW^L`  ��
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HQG�
HQG�
[PDW^GD\`  ��
LI ODVW�WDJ WKHQ SXW WDJ VSHF VH[ �[��[	RFF� �����
LI ODVW WKHQ GR�
SXW 
7DVN 0RGHO 6HOHFWLRQ
�
SXW 
7DVN &ORVXUH 7HVW
�
SXW 
7DVN 3RSXODWLRQ (VWLPDWH $SSURSULDWH
�
HQG� UXQ�

�
 'DWD IRU LQSXW WR ',67$1&( 
��
GDWD FOUZ�� VHW FOUZ� E\ WDJ�
LI ILUVW�WDJ WKHQ GR�
RXWSXW�
HQG�
UXQ�
WLWOH 
)LUVW FDSWXUHV RI &/58 RQ 5:
�
SURF IUHT� WDEOHV [�QRURZ QRFRO QRSHUFHQW�
UXQ�
�
 7UDS RFFXSDQF\ 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 5HG�EDFNV RQ 5:
�
SURF IUHT GDWD FOUZ� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

�
 'DWD IRU LQSXW WR ',67$1&( 
��
GDWD PLUZ�� VHW PLUZ� E\ WDJ�
LI ILUVW�WDJ WKHQ GR�
RXWSXW�

HQG�
UXQ�
WLWOH 
)LUVW FDSWXUHV RI 0LFURWXV RQ 5:
�
SURF IUHT� WDEOHV [�QRURZ QRFRO QRSHUFHQW�
UXQ�
�
 7UDS RFFXSDQF\ 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 0LFURWXV RQ 5:
�
SURF IUHT GDWD PLUZ� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

























































�
�
 7UDS RFFXSDQF\ IRU JULGV 
��
























































�

�
 3URFHVV 5LSDULDQ SORW GDWD 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 5HG�EDFNV RQ 5/
�
SURF IUHT GDWD FOUO� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
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UXQ�

WLWOH 
&DSWXUH ORFDWLRQV RI 0LFURWXV RQ 5/
�
SURF IUHT GDWD PLUO� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

�
 3URFHVV )RUHVW SORW GDWD 
��
WLWOH 
&DSWXUH ORFDWLRQV RI 5HG�EDFNV RQ )/
�
SURF IUHT GDWD FOIO� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

WLWOH 
&DSWXUH ORFDWLRQV RI 0LFURWXV RQ )/
�
SURF IUHT GDWD PLIO� WDEOHV \
[�QRURZ QRFRO QRSHUFHQW�
UXQ�

�
 6HVVLRQ FKHFN DFWLYLW\ E\ SORW� VSHFLHV 
��
WLWOH �&KHFN DFWLYLW\ 	VHVVLRQ IRU &OHWKULRQRP\V��
WLWOH� 
3ORW )/
�
SURF IUHT GDWD FOIO� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW 5/
�
SURF IUHT GDWD FOUO� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW )::
�
SURF IUHT GDWD FOIZZ� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW ):(
�
SURF IUHT GDWD FOIZH� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW 5:
�
SURF IUHT GDWD FOUZ� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�

WLWOH �&KHFN DFWLYLW\ 	VHVVLRQ IRU 0LFURWXV��
WLWOH� 
3ORW )/
�
SURF IUHT GDWD PLIO� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW 5/
�
SURF IUHT GDWD PLUO� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW )::
�
SURF IUHT GDWD PLIZZ� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�
WLWOH� 
3ORW ):(
�
SURF IUHT GDWD PLIZH� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
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UXQ�
WLWOH� 
3ORW 5:
�
SURF IUHT GDWD PLUZ� WDEOHV GDWH�
KRXU�QRURZ QRFRO QRSHUFHQW�
UXQ�


